Sedimentation in hangingwall dipslope settings is still a relatively underexplored topic in rift basin studies. A better understanding of the evolution of marine sedimentary environments in this kind of settings has to address the variations occurring both along the strike and down the dipslope.
INTRODUCTION
Clastic deposition in rift basins is strongly influenced by the dynamic growth of normal fault zones and the temporal and spatial evolution of rift basins. Recognition of these factors has led to significant advances in understanding the controls on syn-rift clastic depositional systems, from subfault-block to basin scale (e.g. Ravnås & Steel, 1998; Gawthorpe & Leeder, 2000; Cowie et al., 2006 and references within). However, most detailed studies to date have focused on the analysis of sedimentary systems located in the immediate hangingwall of normal faults ( Fig. 1A ; e.g. Gupta et al., 1999; Sharp et al., 2000; Young et al., 2002 Young et al., , 2003 Elliot et al., 2015) . Relatively few studies have investigated the sedimentary processes occurring on hangingwall dipslopes, and those that have are most relevant to the continental realm as they are largely based on the response of alluvial and fluvial drainage to ground tilting (e.g. Leeder and Jackson, 1993; Leeder et al., 1996; Muravchik et al., 2014) . Studies of hangingwall dipslopes in marine settings are rare in comparison and based on subsurface datasets (Fig. 1B, C and D; e.g. Ravnås & Bondevik, 1997; Ravnås & Steel, 1997; Nøttvedt et al., 2000) . Although tilting of the hangingwall dipslope in a half-graben is a widely recorded phenomenon, little has been published about the magnitude of such tilting (see however, Nøttvedt et al., 2000; Leeder et al., 2005) . Similarly, along-strike variations in basin physiography and syn-rift stratigraphic architecture are seldom studied in the hangingwall dipslope and most models addressing these issues are biased towards observations made on the immediate hangingwall area (Young et al., 2002 (Young et al., , 2003 Elliot et al., 2015) . Developing a better understanding of the marine deposition on hangingwall dipslope areas will allow to refine existing rift basin sedimentary models.
For example, relative changes in sea level combined with the effects of tilting and uplift of the hangingwall causes the emergence or submergence of the footwall crest (Ravnås & Steel, 1998;  
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This article is protected by copyright. All rights reserved. Gawthorpe & Leeder, 2000; Nøttvedt et al., 2000) . As a result footwall islands may develop, forming intra-rift source areas and influencing the nature of the sedimentary environments developed on the dipslope (Fig. 1A) . Detailed analysis and interpretation of the evolution of such footwall islands, and of the depositional history preserved on adjacent hangingwall areas will allow to identify sedimentary distribution patterns and source and sink areas with increasing confidence and will thus have important implications for rift basin exploration.
The aim of this paper is to investigate the variations in marine sedimentary environments along and perpendicular to the hangingwall dipslope and their relation to the tilting of the hangingwall in a half-graben setting. Analysis focuses on the evolution of a Miocene rift initiation to climax succession exposed in the El Qaa Fault Block, Suez Rift, Egypt. The exceptional quality of the exposures and the lateral continuity of the outcrops for tens of kilometres along the strike of the hangingwall dipslope provide the opportunity to generate seismic-scale observations of pertinence for both surface and subsurface basin analyses.
GEOLOGICAL SETTING
The Suez Rift comprises the Gulf of Suez and its margins along the Eastern Desert and the western Sinai Peninsula, Egypt (Fig. 2) . It extends for about 300 km in length and up to 80 km in width. The Suez Rift constitutes the northwest branch of the Red Sea Rift, and it developed as a result of the separation of the Arabian and African plates in the Oligo-Miocene (e.g. Robson, 1971; Garfunkel and Bartov, 1977; Patton et al., 1994; Bosworth & McClay, 2001; Bosworth et al., 2005) . The dominant rift structures strike NW-SE to NNW-SSE and are linked by subordinate NNE-SSW, E-W and N-S orientated faults. Differences in fault polarity and fault-block tilt direction allow the Suez Rift to be divided into three symmetric dip provinces (e.g. Colleta et al., 1988; Moustafa, 1993) , separated by accommodation zones transverse to the rift (Patton et al., 1994; Moustafa, 1996 Moustafa, , 1997 Bosworth et al., 2005) . In the northern and southern dip provinces the dominant normal faults dip to the northeast while strata dip to the southwest. In contrast, in the central dip province the dominant normal faults dip to the southwest and strata dip to the northeast. This study is based on field data from the El Qaa Fault Block (EQFB), exposed on the western coast of Sinai in the central dip province (Fig. 2) . The EQFB is bounded by the Coastal Fault Belt to the west and by the Eastern Boundary Fault Belt to the east (Fig. 2) . The Coastal Fault Belt includes the Nezzazzat, Ekma, Durba and Araba fault segments and the Eastern Boundary Fault Belt comprises the Baba-Sidri, Hadahid and Gebah fault segments (Moustafa, 1993 (Moustafa, , 2004 .
Accepted Article
This article is protected by copyright. All rights reserved.
The Precambrian Pan-African igneous-metamorphic basement is the oldest lithology exposed on the eastern margin of the Suez Rift and is overlain by three sedimentary pre-rift sections: a Cambrian to Early Creatceous sandstone section (Nubia Sandstone), an Early Cretaceous mixed siliciclastic and carbonate section and a Maastrichtian to Late Eocene carbonate section (Fig. 3) . The syn-rift succession in the EQFB comprises the marine Miocene Gharandal and Ras Mallab groups (Fig. 3) . The post-rift units in the study area are composed of Quaternary eolian, alluvial and colluvial deposits (Fig. 3) .
DIPSLOPE SETTING
The present configuration of the EQFB consists of a broad synclinal structure running parallel to the half-graben border faults (Fig. 2) . During the growth of this half-graben the eastern margin was the active margin, while the western margin was the passive one (e.g. Robson, 1971; Garfunkel & Bartov, 1977; Gupta et al., 1999; Sharp et al., 2000) . The EQFB dipslope is now exposed for tens of kilometres along the strike of the western limb of the El Qaa syncline (Figs 2 and 4), dipping gently to the east-northeast and bounded to the west by the present-day footwall crest of the Coastal Fault Belt. In the study area the EQFB dipslope corresponds approximately to the Nezzazzat Block (cf.
Moustafa, 2004).
The topography of the study area during the initial rifting in the Gulf of Suez is interpreted to have been at or near sea level (Bosworth & McClay, 2001; Bosworth et al., 2005) , with no evidence for crustal doming or uplift prior to rifting (Garfunkel & Bartov, 1977; Moustafa, 1993 Moustafa, , 2004 . The sedimentary pre-rift and syn-rift units that make up the displope of the EQFB dip to the east (Figs 4 and 5), and differences in dip between the pre-rift and syn-rift sequences and also within the syn-rift indicate eastward tilting of the hangingwall during rifting (Fig. 6) . The boundary between the pre-rift and syn-rift sequences is defined by an angular unconformity of ~4º (Fig. 6 ). This erosional surface progressively truncates the Eocene pre-rift Thebes, Darat and Mokattam formations in a westward direction, towards the present-day crest of the Coastal Fault Belt (Fig. 7) . The syn-rift stratigraphy in the dipslope area has been divided in this study into seven units according to their main sedimentary characteristics (Fig. 6) . Correlation between these units and those defined in previous regional lithostratigraphic (Moustafa, 2004) and biostratigraphic (Wescott et al., 1996; Krebs et al., 1997) studies in the area is shown in Fig. 6 . This study focuses on clastic sedimentation during the early syn-rift to rift climax stages, comprising Units 1 through to 4 (Fig. 6 ). The younger units on the dipslope (Units 5 through to 7; Fig. 6 ) correspond to a stage when the tectonic subsidence
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diminished, but other factors such as sea water circulation and climate became more significant and will be the subject of future research.
METHODOLOGY
This study is based on detailed geological mapping (at 1:5500 scale) and logging (at 1:10 scale) of sedimentary and stratigraphic sections along the strike of the EQFB hangingwall dipslope (Fig. 4) .
Twenty sedimentological sections were logged from which facies and depositional units were defined and analysed in order to characterise the main sedimentary systems on the dipslope.
Structural and sedimentary orientation data were systematically measured in the field using a compass-clinometer and from a LIDAR (Light Detection and Ranging) surveyed dataset. Sedimentary and structural data were combined with cross sections (Fig. 5 ) and correlation panels (Figs 10, 11 and 12) on the dipslope in order to obtain a 3D understanding of the sedimentary environments.
Measurements of the dip and dip direction of bedding and bounding surfaces in the upper pre-rift (i.e. Thebes and Darat formations) and the syn-rift units were analysed in order to quantify tilting of the hangingwall block during different phases of rifting. Due to the regional character of the surfaces, which can extend for several kilometres along strike, methods comprising larger measuring areas were preferred (i.e. larger than the ~50 cm 2 of an average compass-clinometer) in order to remove local irregularities in orientation due to small-scale erosion or depositional geometry.
Analysis focused mainly on the examination of a LIDAR surveyed dataset of approximately 8 km 2 of the dipslope (Fig. 4 ) that includes almost all the stratigraphic units in the dipslope, from the pre-rift up to and including Unit 6 (Fig. 8) . The geological interpretation of the LIDAR data was done in Virtual Reality Geological Studio software (VRGS, e.g. Hodgetts, 2009; Rarity et al., 2014) , obtaining measurements that cover areas of influence that range from few meters to hundreds of meters ( Fig.   8 ). Measurements from Unit 7 were obtained with a laser range finder (Fig. 8) .
DIPSLOPE ANGULAR UNCONFORMITIES
Analysis of the attitude of the bedding and bounding surfaces in the dipslope units shows clear differences in dip and dip direction through the stratigraphy (Figs 6 and 8). The dip direction changes from ENE in the pre-rift and syn-rift Unit 1 to E in the overlying syn-rift units, and an overall upsection decrease in dip is observed that can be divided into at least three tilt phases directed towards ENE and E (Figs 6 and 8). The first phase corresponds to the ~4º difference in dip between
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the pre-rift and syn-rift strata (average dip 15.103° and 10.707° respectively; Fig. 8 ) and is represented by the angular unconformity marking the pre-rift/syn-rift boundary. Although the tilt direction of this first phase is clearly directed towards the ENE (Fig. 8B) causing the progressive truncation of the pre-rift units towards the west ( Figs 5A , 5B, 5C, 5D, 7A and 7B), the pre-rift/syn-rift boundary also erodes into progressively older horizons from SSE to NNW along the displope strike (Fig. 9 ). The differences in dip of the pre-rift units observed along strike the dipslope ( Therefore the second phase of tilting is interpreted to be represented by the entire interval corresponding to Unit 2. There is less than 1º difference in dip between units 3 and 4 and the youngest preserved syn-rift unit in the area (the Unit 7 topset), and this difference is small enough that it could be an error inherent in the measuring method. For the purposes of this study the strata from units 3 and 4 through 7 are interpreted as one conformable succession. The third phase of tilting is thus represented by the ~7º dip of the topset of Unit 7.
The measured angular relationships described above are indicative of tilting phases produced in ENE to E directions. This is consistent with the tilt directions expected for the EQFB hangingwall given the NW-SE orientation of its bounding structures. Consequently, surface tilting produced by hangingwall block tilting is likely to be the primary control behind the development of these depositional units in the dipslope. It is extremely difficult to state precisely whether each of these three tilt phases represents a single pulse of tilting in the hangingwall or if they resulted from multiple superposed episodes clustered in time. This is especially the case for the last phase, in which not much stratigraphy is preserved above Unit 7 that could help to constrain this matter. It is important to note however, the great similarity in the angular magnitude of the first two phases.
DIPSLOPE DEPOSITIONAL UNITS
This section describes the four units that form the early syn-rift and rift climax in the El Qaa hangingwall dipslope, the stratigraphic relations between them along strike and down the dipslope (Figs 10, 11 and 12) and the ten sedimentary facies that compose them (Fig. 13) . Age constraints for the sedimentary units in the dipslope are limited. Biostratigraphic data logged in close proximity to Log 2 (Fig. 10) on the southern margin of Wadi Feiran show that units 3 and 4 are approximately of N7-N8 age, equivalent to Burdigalian and Langhian in the Miocene ( Fig. 6 ; Wescott et al., 1996; Krebs et al., 1997) . The surface at the base of units 3 and 4 has been correlated (Wescott et al., 1996; Krebs et al., 1997 ) with a regional sequence boundary (T20) which is known as the MidClysmic Event and is widely interpreted to have had a basin-scale tectonic origin (e.g. Garfunkel & Bartov, 1977; Patton et al., 1994; Bosworth & McClay, 2001 ). Wescott et al. (1996) and Krebs et al. (1997) also based on the biostratigraphic data obtained close to Log 2 ( Fig. 10 ) interpreted the unconformity between units 3 and 4 on the one side and Unit 1 below to represent all the time from their T00 to T20 (i.e. N4 to N7, from Aquitanian to Burdigalian in the Miocene, from the earliest synrift until the Mid-Clysmic Event).
Unit 1 (monolithologic conglomerates and bioclastic rudstones)
Unit 1 is bounded below by the pre-rift/syn-rift contact and above by Units 2, 3 and 4. North of Wadi Feiran, the unit has a tabular geometry and varies in thickness from 5 to 8 m for ~10 km. South of this locality it shows a gradual thickening towards the SSE, reaching up to 20 m at Log 1 (Fig. 10 ). The pre-rift/syn-rift contact shows steplike erosion features that alternately parallel and steeply truncate the underlying pre-rift strata on a wavelength of a few metres (Fig. 14A ). In addition, abundant borings of Gastrochaenolites isp., Trypanites isp. and Entobia isp. extend downwards from the contact for up to 10 cm ( 
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Facies 1A (monolithologic conglomerates)
Facies 1A comprises flat-topped, erosive-based lenses of poorly sorted, grain-supported pebble grade conglomerate (Fig. 13A ). Long axes of the erosional bases are orientated NE-SW, transverse to the strike of the dipslope. The lenses are a few centimetres to 5 m thick and extend along strike for up to 3 km. Depending on the underlying pre-rift unit the clasts are composed exclusively as follows: i) loose nummulites and nummulitic rock fragments on deposits overlying the Mokattam Formation, ii) chalk clasts on deposits overlying the Darat Formation, and iii) chalk and chert clasts on deposits overlying the Thebes Formation (e.g. Fig. 14C ). The conglomerates contain oblate, angular to subangular clasts which mean size ranges from 1 to 8 cm, and maximum size ranges from 40 to 50 cm. Abundant disarticulated marine shells are found scattered throughout the deposit.
Facies 1B (bioclastic rudstones)
Unit 1 Rare tabular conglomerate beds 0.5 to 5 m thick containing a higher proportion of terrigenous material than bioclasts are also found intercalated with the type of deposits described above ( Fig. 13A ). In this more mixed variant, the terrigenous component tends to be dominant in the grain fraction, with bioclastic material concentrated in the matrix. Mean clast size of the terrigenous components ranges from 1 to 5 cm.
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Interpretation
The trace fossil assemblage at the pre-rift/syn-rift contact is typical of marine boring into a fully lithified substrate with little or no contemporaneous sedimentation (e.g. MacEachern et al., 2007) , 
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Facies 2 B (fine-grained deposits)
Monotonous successions, up to ~125 m thick, of green finely laminated mudstones characterise this unit (Fig. 13B) . Beds are tabular, with sharp bases and tops, and range from 0.5 to 5 cm thick (Fig.   15 ). Bioturbation ranges from low to intense and includes burrows formed by both suspension and deposit feeders, including Chondrites isp., Planolites isp. and Skolithos isp. Bioclasts and pre-rift derived lithoclasts 0.2 to 3 cm in size can be found locally, either floating in the mudstones or as discontinuous lenses one clast thick. Intercalations of 1 to 5 cm thick tabular siltstone and well sorted very fine to medium sandstone beds with sharp, planar bases and tops also occur. The siltstones are laminated, while the sandstones may be laminated, cross-laminated or, less frequently, massive.
Interpretation
Unit 2 represents predominantly low energy conditions, dominated by settling from suspension, but with intermittent increases in the environmental energy indicated by the siltstone and sandstone intercalations. The presence of cross-lamination in the sandstones, together with their well sorted nature, suggests deposition from traction currents. The development of locally intense bioturbation is indicative of a well oxygenated sea floor with abundant nutrients (e.g. Gowland, 1996 , MacEachern et al., 2007 . The depositional environment is interpreted as a proximal offshore generally below storm wave base, but with influence of occasional near-bottom traction currents (e.g. Gowland, 1996; Clifton, 2006) .
Unit 3 (conglomerate-dominated)
This prominent conglomerate-rich succession is exposed in both margins of Wadi Feiran, overlying 
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Facies 3B (interbedded matrix-supported conglomerates and sandstones)
Facies 3B comprises poorly sorted, grain-to matrix-supported coarse to very coarse pebble conglomerates intercalated with well sorted medium-to very coarse-grained sandstones in successions 1.5 to 4.5 m thick (Fig. 13E) . The conglomerates occur as tabular beds 20 to 30 cm thick, in which mean clast size range is 5 to 12 cm and maximum size varies from 20 to 30 cm. The sandstones occur as laminated or massive tabular beds 20 to 50 cm thick with floating pebbles.
Facies 3C (cobbly and pebbly sandstones)
Sandstones in this unit generally occur as 0.4 to 1.8 m thick tabular beds with planar bases and tops, variably eroded by Facies 3A deposits (Fig. 13E) . They are composed of well sorted grain supported medium to very coarse sandstones, and are laminated or massive, often with floating pebbles or cobbles.
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Interpretation
The general coarse grained nature of this unit reflects overall high energy conditions in the depositional environment, and the poorly sorted pebble to cobble conglomerates in particular (Facies 3A and 3B) are consistent with deposition from non-cohesive debris flows (cf. Sohn et al., 1999; Sohn 2000; Dasgupta, 2003) . The erosive surfaces at the base of the conglomerate deposits may indicate that erosion of the substrate by traction currents predated the debris flow deposition events. Alternation of the conglomerates with laminated and massive sandstone beds indicates variations in energy conditions and fluctuations in the input of coarse clastic material into the depositional system, with the laminated sandstones themselves providing evidence of traction sedimentation associated with more dilute flows (Sohn et al., 1999; Sohn 2000) . Floating pebbles and cobles in the sandstone facies are related to debris-fall processes. Unit 3 facies characteristics are consistent with those of coarse-grained deltas (e.g. McPherson et al., 1987; Sohn 2000; Blair & McPherson, 2008) . The large-scale cross-sets constitute deltaic clinoforms (e.g. Postma, 1990), indicating shallow-water conditions south of Wadi Feiran and an increasing bathymetry to the north and the clast shapes observed show an overall roundness typical of marine environments (e.g. & Parea, 1988) . Nevertheless, as no subaerial counterpart has been detected in the study area it is not possible to establish whether Unit 3 was a fan delta or fluvial delta (McPherson et al., 1987; Blair & McPherson, 2008) . The absence of marine, tidal or wave, structures favours a coarsegrained deltaic environment where alluvial processes dominated over marine ones (Blair & McPherson, 2008) . The fine grained facies (mudstones and siltstones) intercalated with the conglomerate successions represent offshore to offshore transitional environments.
Massari

Unit 4 (sandstone-dominated)
This extensive sandstone dominated unit is continuously exposed for about 12 km along the 
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Well developed channelized sandstone bodies (Facies 4B) are exposed for about 2 km on the eastern margin of Wadi Withr to the north of Wadi Feiran, opposite the exposures of Unit 3 (Figs 4, 10 and 11). They are interbedded with bioturbated sandstones (Facies 4A), thinning until they completely pinch out towards the NNW (between logs 9 and 10; Fig. 11 ).
Facies 4A (bioturbated sandstones)
This is the dominant facies in Unit 4, comprising moderately to well sorted, very fine-to mediumgrained, strongly bioturbated sandstones (Bioturbation Index 5-6) ( Figs 13D, 17A, 17B and 17C ). burrows may descend up to 1.5 m into the sediment beneath, overprinting the lined burrows.
Thalassinoides isp. burrows often have a coarse sandstone fill and can be carbonate cemented.
Facies 4B (channelized sandstones)
This facies is made up of very well sorted medium to very coarse sandstones that occur in vertically stacked channelized sandbodies up to 5 m thick ( Figs 13D, 17D and 17E ). The sandstones contain variable amounts of shell debris and isolated floating, entire but disarticulated shells 1 to 6 cm in length are common. Metre-scale trough-crossed bedding is the dominant structure in the channels and simple planar-crossed bedding is subordinately developed. The channel geometry is characteristically lenticular with some wedges defined between eroding channels. Channels can be divided into two groups according to their dimensions and fill characteristics. The smaller scale ones are up to 1.5 m thick with a variable height-to-width ratio of up to 1:5, and they are filled by trough-
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This article is protected by copyright. All rights reserved. have height-to-width ratios closer to 1:3 and are 10 to 15 m wide. These channels show multiphase filling and are strongly erosive into underlying deposits (commonly Facies 4A) with complex erosional relief on their basal surface. Syn-sedimentary soft sediment deformation, such us folding and overturned bedding is also observed at the base of the thickest channels. Channel axes orientation ranges predominantly between NNW and NE (Log 7; Fig. 10 ). Bioturbation is moderate to intense in both types of channels. Vertical burrows tend to dominate, in particular those of Ophiomorpha isp.
Facies 4C (heterolithics)
Millimetre-scale alternations of laminated mudstone, siltstone and sandstone typify this facies ( The heterolithic deposits commonly alternate with 10 to 20 cm thick clean sandstones, forming cycles in the order of 1.5 m in thickness (Fig. 13C ). These sandstones are highly bioturbated by Ophiomorpha isp., Thalassinoides isp. and Planolites isp. burrows that penetrate up to 20 -30 cm into the underlying heterolithic facies. These sandstones are very well sorted, grain-supported, fineto medium-grained and usually contain a large proportion of variably broken shells.
Facies 4D (mudstone lenses)
This is the finest-grained facies of Unit 4 and is developed as mudstone-dominated lensoidal bodies generally less than 15 m thick that extend along strike the dipslope for several kilometres intercalating with Facies 4A and 4C deposits (Fig. 11 ) and with Unit 3 deposits (Fig. 10) . The mudstones compose laminated tabular beds up to 10 cm thick with planar bases and tops.
Subordinate siltstones and very fine to medium grained sandstones are observed composing 1 to 5 cm thick laminated, cross-laminated and massive tabular beds. Facies 4D deposits are affected by moderate to intense bioturbation, especially by Chondrites isp., Planolites isp. and Skolithos isp.
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Where Facies 4D intercalates with Unit 3 deposits it consists of finely laminated intercalations of siltstone and mudstone (~10 m thick) or mudstone intervals (~2 m thick) with floating pebbles (Fig.   13E ). Poorly sorted, matrix-supported medium pebble conglomerates are intercalated with the mudstones, forming isolated lenses 10 cm thick and 2 to 3 m in length.
Interpretation
A common feature of these four facies is the moderate to intense degree of bioturbation, which indicates a well oxygenated environment with a plentiful supply of nutrients. The sandy, highly The variations in grain size observed in Facies 4C suggest variable energetic conditions ranging from low to moderate. The higher content of bioclasts in the sandstone beds suggests a shallower provenance. The development of swaley cross-stratification indicates deposition between fair weather and storm wave base (Dumas & Arnott, 2006) . This facies is interpreted as deposited in an offshore transitional setting influenced by storms (e.g. Gowland, 1996; Clifton, 2006) .
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DISCUSSION: CONTROLS ON DIPSLOPE SEDIMENTATION
Previous studies based on subsurface data recognise tilting of the hangingwall as a determinant in the depositional style and environments developed on the dipslope (Ravnås & Bondevik, 1997; Ravnås & Steel, 1997 , 1998 Nøttvedt et al., 2000) . Similarly, it is the tilting of the hangingwall towards ENE that defines the overall stacking geometry of the stratigraphic units in the dipslope of the EQFB. However, some of the most important paleoenvironmental variations in the syn-rift occur along strike on the dipslope. For example, Unit 1 shows subtle thickening towards the SSE, Unit 2 thins towards the SSE until it pinches out around Wadi Feiran, Units 3 and 4 facies deepen towards the NNW, and Unit 3 thickens towards the NNW (Figs 5E, 10 and 11). As the pre-rift units are interpreted to have been horizontal and near sea level at the time the rifting began (Garfunkel & Bartov, 1977; Moustafa, 1993; Bosworth & McClay, 2001; Moustafa, 2004; Bosworth et al., 2005) , the observed pattern of erosion developed at the base of the syn-rift succession along the dipslope strike ( Fig. 9) suggests that the overall initial transgression was diachronous, younging along the strike of the dipslope from NNW to SSE, approximately parallel to the EQFB main boundary structures. The paleobathymetry of the sedimentary units deepens not only down dip towards ENE, but also along the strike of the dipslope, from SSE to NNW, resulting in a configuration that persisted in the dipslope area from rift initiation until at least the deposition of Unit 4.
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Dipslope tilting and tectono-sedimentary evolution
First phase of tilting
The first phase of tilting corresponds to syn-rift initiation in the EQFB dipslope area. The truncation of the pre-rift units observed along the strike of the dipslope (Fig. 9 ) is interpreted to originate from small variations in the tilt of the pre-rift during vertical fault propagation folding and the lateral propagation of the faults along the Coastal Fault Belt towards SSE (Fig. 18A) 
Deposition after tilting 1
The near-coincidence in attitude between the pre-rift/syn-rift boundary and Unit 1 bedding (Fig. 8) indicates that no further tilting occurred between erosion of the pre-rift substrate and the deposition of Unit 1 for any given position along the dipslope. Deposition during this phase (Fig. 18A) is characterised by lack of terrigenous clasts, which speaks for both the transgressive conditions in the environment and lack of any well developed drainage system on the dipslope area. It is interpreted that the dipslope was an area of subdued topography that originated from the tilting and uplift of the hangingwall during the first phase of tilting.
Second phase of tilting
The second phase of tilting involves ~3.5º of tilt of the hangingwall block between units 1 and 3 (Fig.   18B ). The change from Unit 1 to Unit 2 is abrupt and corresponds to a sudden change in environmental conditions from a high energy shallow marine setting to a low energy offshore one.
The coincidence of this tilting phase with generalised deepening of the dipslope area suggests that the relative rise in sea level was at least partly triggered by the tilting of the hangingwall block. It is possible, however, that the effects of tilting were enhanced by a regional rise in sea level due to the
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basin-scale increase in subsidence rate experienced by the Suez Rift during this time (e.g. Colleta et al., 1988; Richardson & Arthur, 1988; Steckler et al., 1988; Patton et al., 1994; Bosworth & McClay, 2001 ). Deepening and thickening of Unit 2 towards both the ENE and NNW (Figs 5E, 10 and 12) reveals a palaeobathymetric pattern similar to that interpreted for the previous phases. Although the backtilting of the EQFB hangingwall block should have uplifted the Coastal Fault Belt crest generating a possible source area, no deposits have been found on the dipslope that can be related to the erosion of the footwall crest during this phase. The footwall crest is thus interpreted to have consisted of a narrow footwall island of relatively low relief that extended along strike and widened towards the SSE (Fig. 18B) . The predominance of mudstones and the relative absence of coarsegrained lithologies in Unit 2 point to sediment-starved conditions around the EQFB hangingwall dipslope. The composition of the eroding footwall crest may also have placed constraints on the depositional systems during this phase. The upper 525 m of pre-rift stratigraphy are mainly composed of fine-grained carbonates (Fig. 3) , erosion of which would have produced material that could be transported to the deeper parts of the depocentre (i.e. further down the dipslope), thereby starving the shallower areas of the dipslope.
Deposition after tilting 2
Units 3 and 4 reflect deposition in shallower and higher energy conditions than Unit 2 (Fig. 18C) . The absence of significant angular unconformities (i.e. >1º) between Units 3 and 7 suggests that tilting of the hangingwall block was negligible during this time and that tectonic activity along the EQFB as a whole can therefore be considered lower than during the deposition of Unit 2. The regional erosive, non-angular unconformity at the base of units 3 and 4 may therefore be associated with a relative fall in sea level unrelated to local tectonic activity on the EQFB hangingwall. Accordingly, the base level variation cycles observed in the Unit 4 exposures along Wadi Withr (Fig. 10 ) are interpreted to have been triggered mainly by regional controls. The footwall island that resulted from the emergence of the Coastal Fault Belt crest is interpreted to have widened since the second phase of tilting due to the relative fall in sea level (Fig. 18C) .
Intercalation of units 3 and 4 on the southern margin of Wadi Feiran suggests that these units were lateral equivalents and their deposition was more or less contemporaneous (Fig. 10) .
Geometry, internal architecture and paleoflow directions indicate that the source area of Unit 3 was situated to the SW, and the subangular to angular igneous-metamorphic clasts in Facies 3A suggest that basement rocks were exposed to the SW of the study area during deposition. Present-day
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exposures of basement units along the dipslope (Fig. 2 ) are due to significant tilting (~7º) of the EQFB postdating the deposition of Unit 7. Given the sedimentary pre-rift thickness in the area (~1800 m), the degree of tilting of the EQFB hangingwall during phases 1 and 2 (~7.5º) is insufficient to account for basement exposure along the dipslope. A more likely explanation lies in the presence of basement fault blocks to the SW of the dipslope area that could have supplied basement clasts to the EQFB. Age-equivalent deposits in the subsurface immediately to the west of the dipslope along the coast have basement provenance (Dancer et al., 2010) and in some areas the basement is interpreted to be immediately overlain by syn-rift deposits (e.g. Sayed, 1962 in Robson, 1971 Robson, 1971; Evans, 1990; Dancer et al., 2010) .
Unit 4 facies organization shares a similar deepening pattern with the previous units.
Nevertheless, it preserves a rather tabular geometry along strike north of Wadi Feiran and only thins to the south of it. The presence of quartz grains in this unit and age-equivalent units in the Suez Rift is interpreted to reflect a provenance from the Nubia Sandstones (e.g. Garfunkel and Bartov, 1977; Evans, 1990; Patton et al., 1994; Dancer et al., 2010) . While the great thickness of the Nubia Sandstones makes it plausible that they were exposed on the dipslope for the amount of tilting of the EQFB hangingwall prior to the deposition of units 3 and 4 (~7.5º), there is currently no further evidence to support the possibility.
It is important to note that, while syn-rift deposits derived from the Nubia Sandstone are regionally recognised in the Suez Rift for Unit 4 time-equivalent strata, no basement-derived conglomerates of this age are known to be exposed along the eastern rift flank. Moreover, the cases of basement-derived conglomerates in the EQFB are all found to be sourced from the rift shoulder to the east (e.g. Garfunkel and Bartov, 1977; Garfunkel, 1988; Evans, 1990; Gawthorpe et al., 1990; Patton et al., 1994; Bosworth & McClay, 2001 ). Unit 3 not only occupies a lower stratigraphic position than those cited cases but also is derived from sources internal to the rift.
Third phase of tilting and deposition
The ~7º dip of the topset of Unit 7 evidences the third phase of tilting of the EQFB hangingwall. No marine deposits are preserved above Unit 7 and only subhorizontal Quaternary alluvial, aeolian and colluvial deposits lie unconformably on top of Unit 7. Thus, the third phase of tilting is interpreted to represent the emergence of the Suez Rift marginal depocentres that occurred towards the Upper
Miocene-Pliocene as a result of uplift of the rift shoulders and nucleation of fault displacement along the present day coast (Garfunkel and Bartov, 1977; Garfunkel, 1988; Colleta et al., 1988; Richardson & Arthur, 1988; Steckler et al., 1988; Bosworth & McClay, 2001) .
A major characteristic of syn-rift marine successions deposited on a hangingwall dipslope is the occurrence of disconformities and angular unconformities that diverge basinwards, away from the footwall crest (Ravnås & Bondevik, 1997; Ravnås & Steel, 1997 , 1998 Nøttvedt et al., 2000) . In that context, Unit 2 is comparable to the "rotational tilt packages (high tilt rates)" while units 3 and 4 are comparable to the "tectonic quiescence packages (low tilt rates)" of Ravnås & Steel (1998) . In particular, the arrangement of units 2, 3 and 4 in the EQFB is comparable to the regressive and 
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CONCLUSIONS
Hangingwall block tilting was a major control on the sedimentary syn-rift evolution of the Miocene marine dipslope area of the El Qaa Fault Block. This tilting of the hangingwall caused not only marked differences in facies development and thickness of the deposits down the dipslope, but also along the dipslope strike.
The tilting history of the dipslope can be divided into three phases.
 The first phase of tilting tilted the pre-rift strata by ~4º, marking the syn-rift initiation. An ensuing marine transgression progressed up dip, oblique to the dipslope strike, truncating the pre-rift strata. The direction of the transgression is interpreted to result from the coupled effect of tilting of the hangingwall and the fault propagation at the Coastal Fault
Belt.
 The second phase of tilting accounted for ~3.5º of tilting, triggering the deepening of the dipslope from shallow marine to offshore conditions. Subsequent regression caused by a regional fall in base level led to the establishment of a coarse-grained delta system in a low gradient marine coastal environment.
 The third phase accounts for ~7º of tilting. This affected the whole of the syn-rift stratigraphy of the dipslope and occurred in post-Miocene times.
Variations in basin physiography and syn-rift stratigraphic architecture along strike the dipslope can be persistent throughout the syn-rift evolution of a half-graben. In the El Qaa Fault Block case the sedimentary environments developed along the strike of the dipslope present variations in gradients and bathymetric patterns observed from early syn-rift till rift climax.
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